I. Introduction
It is known that fast and objective quantitative evaluation of various pitch extractors present a difficult problem. While i t is natural to put the responsibility for imperfect pitch extraction on equipment malfunction it is possible that other causes, for example difficulty related to pitch frequency definition, may be of importance.
Problems studied
This paper i s concerned with two problems related t o this question: 
Problems of itch extraction
Pitch extractors have i n the past often been tested a s part of an entire analysis-synthesis system, using some listening tests. Even i f various extractors a r e incorporated into the same system in succession, the possibility exists that the extractors when used in another system would not show the same relative figure of merit, In addition, since speech is a time-varying process, the very definition of pitch frequency i s vague (l). A seemingly obvious remedy is to define the instantaneous pitch frequency a s the reciprocal value of the pitch period, and merely identify the time values at which the periods s t a r t , if necessary by direct visual inspection of the acoustic waveform (2)(3) + P a p e r to be presented at the 1967 Conference on Speech Communication and Processing, Cambridge, Mass,, Nov. 11-D-1 the individual pitch period can easily be identified certain parts of the waveform shown in Fig. 11 -D-2 a r e such that i t becomes difficult t o do so. Since i t i s assumed that the laryngeal sound source produces nearly periodic pulses the question a r i s e s why the resulting speech waveform i s not also of a correspondingly periodic nature.
IV. Possible causes of irregularities
One can speculate about the causes of the occasional lack of periodicity i n the voiced speech waveform. Perhaps one o r more glottal pulses a r e missing. On the other hand, the vocal source may generate an additional pulse a t times o r more than one major discontinuity B. Speech material
The various causes of irregularities ( s e e p. 59, IV, Possible causes of irregularities) were investigated with the help of the utterances listed i n Table 11 -D-I. Each of the parts 1 through 5 i s intended to t e s t periodicity irregularity with respect to a particular parameter, for example transitions between speech sounds, intonation patterns, etc.
C. Subjects
-------
Ten persons, five males and five females, were used for the r ecording of the test signals according to Table 11 -D-I. The recording was made i n an anechoic chamber. The subjects were f i r s t asked to make a t r i a l reading of the list before the recording of the signal, and they were especially asked to t r y to reach the extreme values of their pitch frequencies f o r the signals listed i n P a r t 2 (Table 11 -D-I).
VI. Results
The experimental signals which were obtained a s outlined 312 ; . should be noticed that when complete and incomplete glottal closures a r e alternating they tend to bunch i n groups of two.
A more complete account of the experimental results obtained by means of the speech material described in Table II -D-I is given i n quantitative t e r m s i n Table 11 -D-11.
Within the framework of the experimental material considered, it was observed that irregularities often occurred when the pitch f r equency was low, and never when i t was high. Only one irregularity was found in a rapid formant transition.
Quantitative information with respect to other parameters can be obtained f r o m Table 11 -D-11.
VII. Excitation function tape
In o r d e r to obtain a solution to problem (b), p, SE (11. Problems studied), a two-channel tape-recording containing the speech signal and the associated timing information for the source signal was made.
While i n the present investigation attention was focused on pitch ext r a c t o r evaluation, the testing tape i s more generally applicable, i. e., i t can be used whenever exact timing of the glottal pulses i s needed, Table 11 -D-11. Distribution of i r r e g u l a r i t i e s with r e s p e c t t o underlying c a u s e s o r associated p a r a m e t e r s c a u s e o r p a r am e t e r . Total number of s a m p l e s w e r e about 30,000.
Y I r r e g u l a r i t i e s at the end of utterances a r e of a composite type, i. e. consisting of a group of consecutive simple e r r o r s , I r r egularities i n the beginning a r e of a simple (single period) type. A group of i r r e g u l a r i t i e s which a p p e a r i n a periodic manner i s counted a s one i r r e g u l a r i t y . 
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The c r i t e r i o n to be satisfied i s to have a high quality speech signal to which a t l e a s t the major parts (for example the t i m e of glottal clos u r e ) of the excitation function a r e c o r r e c t l y related i n time.
The signals used for the testing tape obtained by the apparatus i n Fig. 11-D-3 were the same a s those used i n the waveform irregularity studies.
With the help of the equipment shown in Fig. 11-D-10 , a n individual speech sample i s transcribed while a finite time of clock pulses i s recorded on the second channel. The next s t e p (Fig. 11-D-11 ) i s to feed the recorded speech sample through a n A/D converter to a CD-1700
computer. This conversion i s made under the control of the clock signal, via an interrupt line t o the computer.
The computer-stored speech sample i s displayed on a n oscilloscope 
VIII. Conclusion
On the basis of the studies reported i n this paper, the following conclusions can be drawn:
(1) Of about 30,000 pitch signals 78 were judged i r r e g u l a r .
(2) In about 20 CJo of these the corresponding glottal excitation i s not i r r e g u l a r .
(3) Irregularities i n the beginning of the utterances a r e usually of a single period type while at the end t r a i n s of i r r e g u l a r i t i e s a r e encountered.
(4) I r r e g u l a r excitation i n the ending portions consists of alternating complete and incomplete glottal closures. Usually an incomplete closure i s followed almost immediately by a complete closure but a l a r g e r distance is found between the complete closure and the following incomplete closure. (5) Even disregarding the multiplicity of i r r e g u l a r i t i e s i n the t e rminating portion of waveforms the i r r e g u l a r i t i e s a t the ends outnumber the ones at the beginning about four t o one.
(6) Most of the i r r e g u l a r i t i e s occur when the pitch is low. This may by related t o conclusions inasmuch as the pitch i n the terminating portion is usually low.
(7) T h e r e is a considerable s p r e a d i n the number of t o t a l e r r o r s among different persons: the range is f r o m 4 t o 14.
(8) Rapid r a t e s of variation of formant frequency o r fundamental frequency do not appear t o c a u s e any waveform irregularity.
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